Abbreviated water-quality units used in this report: Chemical concentration is given in milligrams per liter (mg/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million.
Other abbreviations used in this report:
(cm/s) centimeters per second (ohm-m) ohm meters Pleistocene glacial deposits in the central Lower Peninsula of Michigan contain freshwater, except in a 1,600-square-mile area within the Saginaw Lowlands, where these deposits typically contain saline water. Pennsylvanian and Mississippian sandstones are freshwater bearing where they subcrop below permeable Pleistocene glacial deposits. Down regional dip from subcrop areas, salinity of ground water progressively increases in Early Pennsylvanian and Mississippian sandstones, and these units contain brine in the central part of the basin. Freshwater is present in Late Pennsylvanian sandstones in the northern and southern parts of the aquifer system. Typically, saline water is present in Pennsylvanian sandstones in the eastern and western parts of the aquifer system.
Relief on the freshwater/saline-water interface is about 500 feet. Altitudes of the interface are low (300 to 400 feet above sea level) along a north-south-trending corridor through the approximate center of the area mapped. In isolated areas in the northern and western parts of the aquifer system, the altitude of the base of freshwater is less than 400 feet, but altitude is typically more than 400 feet. In the southern and northern parts of the aquifer system where Pennsylvanian rocks are thin or absent, altitudes of the base of freshwater range from 700 to 800 feet and from 500 to 700 feet above sea level, respectively.
Geologic controls on distribution of freshwater in the regional aquifer system are (1) direct hydraulic connection of sandstone aquifers and freshwater-bearing, permeable glacial deposits, (2) impedance of upward discharge of saline water from sandstones by lodgement tills, (3) impedance of recharge of freshwater to bedrock (or discharge of saline water from bedrock) by Jurassic red beds, and (4) vertical barriers to ground-water flow within and between sandstone units.
INTRODUCTION
Unconsolidated Pleistocene glacial deposits, Jurassic red beds, and Pennsylvanian through Mississippian bedrock units form a regional system of aquifers and confining units hi the central Lower Peninsula of Michigan. The area! extent of this aquifer system is approximately 22,000 mi2 ( fig. 1 ). This aquifer system was studied during the period from 1986 through 1994, as part of the Regional Aquifer-System Analysis (RASA) program (Mandle, 1986 ) of the U.S. Geological Survey (USGS). The Michigan Basin RASA project is one of 28 USGS hydrogeologic investigations of regional aquifer systems of the United States (Weeks and Sun, 1987) .
The most important aquifers in the Michigan Basin RASA study area are Pleistocene glaciofluvial deposits and Pennsylvanian and Mississippian sandstones. Glaciofluvial aquifers contain freshwater in most areas; however, saline water is present in glacial deposits in the east-central part of the Saginaw Lowlands ( fig. 1 ). Freshwater in Pennsylvanian and Mississippian sandstones is an exception; in most areas of the basin these bedrock units contain saline water or brine. (As referred to in this report: saline water contains a solute concentration greater than 1,000 but less than 100,000 mg/L, and brine contains a solute concentration greater than 100,000 mg/L.)
Saline water is present below freshwater-bearing aquifers everywhere in the Michigan Basin. Depth to saline water can be estimated on the basis of chemical analyses of water sampled from wells in the southern and eastern parts of the aquifer system. However, in the northwestern part, glacial deposits are a shallow source of freshwater, and wells in this area are rarely completed in bedrock. Consequently, water-quality data are few for bedrock aquifers in the northwestern part of the study area, and the position of the freshwater/saline-water interface has been uncertain. Among areas where water-quality data are few, approximately 200 electrical-resistivity logs are available that were run in boreholes drilled before there was a requirement to case boreholes below freshwater-bearing strata. These uncased boreholes were open to glacial deposits and all bedrock units that form the aquifer system (freshwater-and saline-water-bearing aquifers). Electric logs were used to delineate the position of the freshwater/saline-water interface.
The purposes of this report are to delineate the altitude of the freshwater/saline-water interface hi bedrock by use of water-quality data and geophysical logs and to relate the position of this interface to geologic units that form the Michigan Basin regional aquifer system.
HYDROGEOLOGIC SETTING
The Michigan Basin is an intracratonic depression that contains more than 17,000 ft of sedimentary rocks and unconsolidated sediments. The stratigraphic record is nearly complete from Precambrian sedimentary units through Jurassic red beds, except that rocks of Triassic age are not present in the basin. Pleistocene glacial deposits cover bedrock in most areas; knowledge of bedrock geology is almost entirely from geophysical and geologic logs of drill holes. 
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Stratigraphic Units
The geology and hydrology of Mississippian and younger geologic units that form the regional aquifer system are described in a series of Michigan RASA reports (Westjohn and others, 1994; Westjohn and Weaver, 1996a, 1996b) . These reports include maps that delineate surface configuration and thicknesses of aquifers and confining units and establish the hydrogeologic framework of the regional aquifer system.
The aquifer system consists of six bedrock formations that have formal Stratigraphic names and three geologic units that have informal names (figs. 2 and 3). Formally named units of Mississippian age are the Coldwater Shale, the Marshall Sandstone, the Michigan Formation, and the Bayport Limestone; formally named units of Pennsylvanian age are the Saginaw Formation and the Grand River Formation. Geologic units that have informal names are the Parma sandstone (member of the Saginaw Formation), Jurassic red beds, and Pleistocene glacial deposits. Stratigraphic relations of aquifer-system units are shown in figure 3 and in geologic sections A-A' and B-B' (Appendix A).
Stratigraphic Units in Relation to Aquifers and Confining Units
Commonly used Stratigraphic names in relation to hydrogeologic names established for the Michigan Basin RASA study are shown in figure 3 . Also shown are lithologic constituents of formations and approximate thicknesses of aquifers and confining units. The boundaries and thicknesses of aquifers and confining units were delineated on the basis of hydraulic properties. Hydrogeologic units include all or part(s) of one or two formations ( fig. 3 ).
Hydrogeologic units that include all or parts of two Stratigraphic units are the Saginaw aquifer (sandstones of the Grand River Formation and the Saginaw Formation), the Parma-Bayport aquifer (sandstones and permeable carbonates of the Parma Sandstone and the Bayport Limestone), and the Marshall aquifer (composite of stratigraphically continuous, permeable sandstones of the Michigan Formation, the Napoleon Sandstone, and the Marshall Sandstone). Other hydrogeologic units consist of part or all of a single geologic unit ( fig. 3) . Stratigraphic names and hydrogeologic-unit nomenclature are used alternately, depending on whether the topic of discussion is geology or hydrogeology. The terms "Mississippian sandstone" and "Pennsylvanian sandstone" are used in a general sense where association of rock units to a specific formation is not relevant.
METHODS USED TO DELINEATE FRESHWATER/SALINE-WATER INTERFACE
Electrical-resistivity logs of boreholes open to Pleistocene glacial deposits and underlying bedrock units were used to determine depth to saline water. The approximately 200 electrical-resistivity logs of boreholes were examined along with water-quality data to delineate the approximate position of the freshwater/saline-water interface. Applications of these methods are described separately. Water-quality data were compiled from several sources (Appendix B). These data were used to delineate the approximate altitude of the base of freshwater in the southern and eastern parts of the aquifer system (Appendix C). The altitude of the base of freshwater water was approximated, on the basis of 1,000 mg/L dissolved solids as a maximum solute concentration of freshwater.
The following four factors were identified as potential sources of error and hence, limitations in the use of water-quality data for the delineation of the freshwater/saline-water interface:
1. Rocks of Pennsylvanian age in the Michigan Basin consist predominantly of intercalated sandstone, siltstone, and shale. Limestone and coal form a minor part of the Pennsylvanian sedimentary sequence. It is known from geophysical logs that salinity of ground water in Pennsylvanian rocks increases with depth (Westjohn, 1989) . Typically, sandstone beds at or near the bedrock/glacial-deposits interface contain freshwater, but sandstone beds successively deeper in the Pennsylvanian rock sequence (which are intercalated with shale) contain progressively higher concentrations of dissolved solids. Water wells completed in Pennsylvanian rocks are commonly open to multiple sandstone beds, and water sampled from these wells is a composite mixture of ground water contributed by different zones. Consequently, a wellbore completed below the freshwater/saline-water interface (open to freshwater-and saline-water-bearing sandstones) may produce ground water with a dissolved-solids concentration of less than 1,000 mg/L.
2. The concentration of dissolved constituents in the producing zone of a particular well can change with time. Changes in water quality related to the encroachment of saline water toward watersupply wells has been reported for several areas in Michigan (Alien, 1977; Stramel and others, 1954; Vanlier, 1963; Wiitala and others, 1963) . Water-quality data used to interpret the altitude of the base of freshwater reflect dissolved-solids concentrations at the time that ground water was sampled and analyzed. Composition of ground water could have changed at any of the sampled sites.
3. Some wells that were sampled are probably completed in aquifers above the freshwater/ saline-water interface. To minimize this problem, RASA investigators used lowest altitudes of bases of wells that produced freshwater (one per township if possible, and in some areas, two or more per township, see Appendix C) to delineate the position of the freshwater/saline-water interface. Nearby wells (within 1 to 6 mi) completed at lower altitudes that produced saline water were used as an additional constraint to delineate the position of the interface. In most areas, altitudes of the base of wells that produced freshwater and nearby wells that produced saline water differ by less than 50 ft.
4. Freshwater can be present in aquifers that underlie saline-water-bearing units, and this condition has been reported by water-well drillers in some areas of the State (Mark Breithart, Michigan Department of Public Health, oral commun., 1993). Although the presence of freshwater lenses below saline water is an uncommon and highly local phenomenon, it is a limitation of waterquality data that leads to error in determination of the altitude of base of freshwater.
Collection and Analysis of Geophysical Logs
Electrical-resistivity logs were used to delineate the position of the freshwater/saline-water interface in some parts of the Michigan Basin (Westjohn, 1989 (Westjohn, , 1994a . Similar studies in other hydrogeologic settings are described by other investigators (Archie, 1942; Keys and MacCary, 1973; Poole and others, 1989; Pryor, 1956 ).
The electrical-resistivity characteristics of units that form the aquifer system were established by examination of more than 600 electric logs (combination of spontaneous potential/electrical resistivity; see Hilchie, 1979) . Electric logs record spontaneous-potential data for lithologic determinations, as well as short-normal, long-normal, and commonly lateral log resistivities for estimation of formation-fluid salinity. Resistivity properties of freshwater-bearing strata were interpreted from resistivity-log traces (lateral log if available, or long normal) of glacial sand and gravel. Such glaciofluvial deposits are assumed to contain freshwater, and they consistently had an electrical resistivity that exceeded 100 ohm-m. Sandstones whose electrical-resistivity characteristics were similar to those of glaciofluvial deposits are interpreted to contain freshwater, on the basis of electrical resistivity of 100 ohm-m or higher.
Sandstones that contain brine have a narrow range of electrical resistivity (1 to 4 ohm-m). This geophysical characteristic was established from electrical resistivities measured of Mississippian sandstones in the central part of the Michigan Basin, where chemical analyses of ground water indicate that dissolved-solids concentration exceeds 100,000 mg/L (Western Michigan University, 1981, table 7g). The distribution of brine in Pennsylvanian sandstones was delineated on the basis of the same range of electrical resistivity (1 to 4 ohm-m). Example logs that illustrate the range of resistivities and other geophysical properties of aquifers that contain freshwater, saline water, or brine are given in Appendix D.
The principal source of error in the use of electrical-resistivity logs to delineate altitude of the freshwater/saline-water interface (Appendix E) is their age: the logs were run in boreholes drilled during 1942-56, before the implementation of regulations that required oil and gas exploration/ production wells to be cased below freshwater-bearing strata. Geophysical data used to interpret altitude of base of freshwater reflect conditions at the time the borehole was logged. The current depth of the freshwater/saline-water interface may be different at any of the logged sites.
CONFIGURATION OF FRESHWATER/SALINE-WATER INTERFACE AND GEOLOGIC CONTROLS ON DISTRIBUTION OF FRESHWATER
Configuration of the freshwater/saline-water interface is shown in figure 4. The map is based primarily on water-quality data (612 data points), supplemented with electric-log data (198 data points). (See Appendix C for locations.) The surface configuration is an approximation, and the map depicts only a very generalized trend of the freshwater/saline-water interface.
Relief on the freshwater/saline-water interface is about 500 ft. Altitudes of the interface are low (300 to 400 ft above sea level) along a north-south-trending corridor that extends approximately 100 mi from Gladwin County to Ingham County ( fig. 4) western parts of the aquifer system, the altitude of the base of freshwater is less than 400 ft, but altitude is more than 400 ft in most of the study area. In the southern and northern parts of the aquifer system, where Pennsylvanian rocks are thin or absent, altitudes of the base of freshwater range from 700 to 800 ft and from 500 to 700 ft above sea level, respectively (fig. 4 ).
The configuration of the freshwater/saline-water interface is primarily a function of geologic controls. These geologic controls on the distribution of freshwater are described by hydrogeologic unit in the section that follows.
Glacial Deposits
Glacial deposits are absent in isolated areas of the southern and eastern parts of the aquifer system, where Pennsylvanian and Mississippian rocks are exposed. In general, glacial deposits thicken from the southern to the northern part of the study area and are more than 1,000 ft thick (Western Michigan University, 1981, pi. 15) in parts of Wexford and Osceola Counties ( fig. 1 ). Glaciofluvial deposits are the predominant type of glacial material in many areas of the regional aquifer system (Westjohn and others, 1994) , and these deposits typically contain freshwater. Glacial deposits within a 1,600-mi2 area of the Saginaw Lowlands ( fig. 1 ) typically contain saline water. This is the only part of the study area where saline water is common in glacial deposits.
Saline water in glacial deposits of the Saginaw Lowlands has been attributed to advection of saline water or diffusion of solutes from underlying bedrock units (Long and others, 1986) . That interpretation is supported by hydraulic-head data (Mississippian and Pennsylvanian sandstones) and computer simulation of ground-water flow, which indicate the Saginaw Lowlands is a subregional discharge area (Mandle and Westjohn, 1989) .
The Michigan Lowlands ( fig. 1 ) also appears to be a subregional discharge area (Mandle and Westjohn, 1989) . However, glacial deposits in this lowland area contain freshwater.
One geologic explanation for the presence of saline water in glacial deposits of the Saginaw Lowlands and not in the Michigan Lowlands is that glacial deposits in the Saginaw Lowlands may be substantially older than previously suggested. Martin (1955) and Farrand and Bell (1982) , who compiled maps of surficial deposits of the Saginaw Lowlands, interpreted the surficial materials to be glacial lacustrine sediments that were deposited in Glacial Lake Saginaw about 12,000 to 13,000 years ago (Flint, 1957, p. 347) .
Analysis of data collected as part of the Michigan Basin RASA project supports an alternative interpretation regarding age and origin of these surficial deposits. Boreholes were drilled along a 36-mi-long transect from eastern Gratiot County to central Bay County and in other areas of the Saginaw Lowlands (Appendix C). Nine boreholes were drilled to or near bedrock, and split-spooncore samples of clay-dominant material were collected at 5-to 10-ft intervals. Examination of samples collected from these boreholes indicates that glacial deposits are predominately clay-rich till. Glaciofluvial sand (possibly glaciolacustrine sand) was found at two of the nine sites drilled, but lacustrine clay was not found at any of the sites. The clay-rich till drilled and cored is interpreted to be lodgement till that was deposited at the base of glacial ice. If this interpretation is correct, then glacial deposits in the Saginaw Lowlands must be older than Glacial Lake Saginaw and thus substantially older than previously interpreted.
It is also unusual that glacial deposits of the Saginaw Lowlands contain saline water at altitudes as much as 70 ft above bedrock. This condition is puzzling, because vertical hydraulic conductivity of these tills is very low. Measured vertical hydraulic conductivity of till core samples (seven measurements) ranges from 10"9 to 10"8 cm/s (Harold Olsen, U.S. Geological Survey, written commun., 1993). If this clay-dominant lodgement till were older than formerly thought, then the hypothesis of upward migration of saline water into these low-permeability deposits seems more plausible (Westjohn, 1993 (Westjohn, , 1994b . It is also possible that the differential in hydraulic head between glacial deposits and the underlying Saginaw aquifer was much larger before development of ground-water resources. Such a condition could also lead to substantial vertical migration of saline water into lodgement tills, which have very low vertical hydraulic conductivities.
Jurassic Red Beds Confining Unit
Jurassic red beds are the youngest bedrock unit in the Michigan Basin; the areal extent of these deposits is approximately 4,000 mi2 . Jurassic red beds form a subregional confining unit in the west-central part of the aquifer system (Westjohn and others, 1994 ). This interpretation is based on examination of geophysical logs, which show that red beds primarily consist of low permeability lithologies (clay, shale, and gypsum).
The areal extent of red beds corresponds spatially to an area where Pennsylvanian rocks that underlie red beds typically contain saline water ( fig. 5) . One possible geologic control of the spatial relation of saline water in Pennsylvanian rocks to overlying Jurassic red beds is that these deposits may impede discharge of saline water from underlying bedrock. Alternatively, the red beds may impede recharge of freshwater to Pennsylvanian rocks from Pleistocene glacial deposits.
Saginaw Aquifer
Freshwater is present in the Saginaw aquifer in the northern (areal extent approximately 2,000 mi2) and the southern parts (areal extent approximately 3,000 mi2) of the aquifer system ( fig. 5) . Typically, the Saginaw aquifer contains freshwater where it is in direct hydraulic connection with permeable glacial deposits. In the east-central part of the study area, saline water in the Saginaw aquifer is spatially related to low permeability lodgement till that seems to impede discharge of saline-ground water. Conditions are similar in the western part of the aquifer, where Jurassic red beds overlie Pennsylvanian rocks.
Distribution of freshwater in the Saginaw aquifer is also controlled by the relative proportion of aquifer-and confining-unit material. The Saginaw aquifer (composite thickness of Pennsylvanian sandstones above the Parma-Bayport aquifer, see fig. 3 and Westjohn and Weaver, 1996a) ranges from 100 ft to more than 300 ft in thickness in most of the northern and southern areas, as well as along the north-south-trending corridor between them. In most of the eastern and western parts of the Saginaw aquifer, composite thickness of sandstones is less than 100 ft. Sandstones in these areas typically are saline-water bearing and isolated from freshwater-bearing glacial deposits by shale or other confining unit material (Westjohn and Weaver, 1996a) .
Parma-Bayport Aquifer
The distribution of freshwater, saline water, and brine in the Parma-Bayport aquifer is reasonably well delineated in the northern part of the study area on the basis of geophysical logs; water-quality data for this area are limited to two samples (Western Michigan University, 1981, tab. 7h, pi. 24) . Water-quality data and geophysical logs are few in the southern part of the aquifer, and no attempt was made to interpret geologic controls of the position of the freshwater/saline-water interface in this area.
Freshwater is present in the Parma-Bayport aquifer in the northern part of the study area, where the aquifer subcrops beneath Pleistocene glacial deposits ( fig. 6 ). Glacial deposits are predominantly sand and gravel in the northern part of the aquifer system (Westjohn and others, 1994) , and freshwater in the Parma-Bayport aquifer seems to be related to direct hydraulic connection with freshwater-bearing glaciofluvial deposits.
Salinity of ground water in the Parma-Bayport aquifer (northern half of the study area) generally increases down regional dip, where the aquifer is confined by overlying Pennsylvanian shale. The transition zone from freshwater to brine is as narrow as 3 mi in the northwest, and broadens toward the northeast (locally more than 30 mi wide). Configuration of the brine-bearing part of the Parma-Bayport aquifer roughly resembles the structural geometry of the basin in the western part of the aquifer, where altitudes of the saline-water/brine interface range from 200 to 400 ft above sea level ( fig. 6 ). All electrical-resistivity logs inside the area delineated as brine-bearing (area! extent 2,300 mi2) show measured electrical resistivities that range from 1 to 4 ohm-m. This interpretation is supported by the only known water-quality data, which indicate that the Parma-Bayport aquifer contains ground water whose dissolved-solids concentration exceeds 225,000 mg/L (Western Michigan University, 1981, tab. 7h, pi. 24).
A narrow tongue of brine in the Parma-Bayport aquifer extends eastward from the main pool of brine, toward Saginaw Bay ( fig. 6 ). This feature is, at present, geologically inexplicable.
Marshall Aquifer
Regional geologic controls of the distribution of freshwater, saline water, and brine in the Marshall aquifer are related to structural configuration of the aquifer. The Marshall aquifer is freshwater bearing in subcrop areas, where it is in direct hydraulic connection with permeable Pleistocene glacial deposits. Salinity of ground water increases down regional dip toward the center of the basin, where the aquifer is confined by shales, carbonates, and evaporites of the overlying Michigan Formation. The transition zone from freshwater to brine is as narrow as 2 mi in the northwest, but ranges from 15 to 50 mi in width in most areas ( fig. 7) . The transition from freshwater to saline water is at an altitude of about 600 ft hi the southern and eastern parts of the study area ( fig. 7) . In the northern subcrop area of the Marshall aquifer, the altitude of the freshwater/saline-water interface ranges from 200 to more than 600 ft above sea level and conforms to relief on the underlying Coldwater confining unit.
The transition from saline water to brine is typically at altitudes between sea level and 200 ft above sea level, although altitudes range from sea level to about 100 ft below sea level in the northcentral and south-central parts of the mapped area ( fig. 7) .
Geophysical logs show that dissolved-solids concentration of ground water increases with depth hi the Marshall aquifer. Lithologic irregularities within the sandstones contribute to this condition. For example, layers having especially low vertical hydraulic conductivity have been found among sandstone in the aquifer; these layers seem to be related to mineralogical and stratigraphic barriers (Westjohn, 1991; Westjohn and others, 1991) . Vertical hydraulic conductivity is as much as three orders in magnitude lower than horizontal hydraulic conductivity hi sandstones that include abundant detrital and authigenic layer-silicate minerals. Detrital layer-silicate minerals that are parallel to bedding seem to impede vertical flow of ground water (Westjohn, 1991) . Also within the Marshall aquifer are areas where sandstones are mostly or entirely cemented with carbonate, quartz, or clay; these authigenic minerals partially or entirely occlude pore space and substantially reduce hydraulic conductivity. Areas of well-cemented sandstone seem to be stratiform, and may impede vertical migration of ground water.
Compounding the irregularities within the sandstones is the presence of shale, siltstone, and carbonate layers that separate permeable sandstones of the Marshall aquifer. In the subcrop areas of the Marshall aquifer, sandstones at or near the glacial-deposits/bedrock interface typically have electrical resistivities that indicate the presence of freshwater (greater than 100 ohm-m). In locations where shale or other low permeability material underlies freshwater-bearing sandstone, sandstones underlying this material typically have substantially lower electrical resistivities (10 to 50 ohm-m), indicating the presence of saline water. In many places, low permeability materials seem to divide sandstones into zones that contain waters with very different dissolved-solids concentrations.
Along numerous, minor, northwest-trending anticlines in bedrock, the Michigan confining unit has been eroded, and the Marshall aquifer is in direct hydraulic connection with glacial deposits. The Marshall aquifer contains freshwater along the limbs of these anticlines. Down dip on the limbs of these minor folds (normal to the axial traces), the width of the transition zone from freshwater to brine is narrow and typically ranges from 2 to 4 mi.
SUMMARY
Unconsolidated Pleistocene glacial deposits, Jurassic red beds, and Pennsylvanian through Mississippian bedrock units form a system of regional aquifers and confining units in the central Lower Peninsula of Michigan. The most important aquifers are Pleistocene glaciofluvial deposits and Pennsylvanian and Mississippian sandstones. Saline water is present below freshwater-bearing aquifers everywhere in the Michigan Basin. The position of the freshwater/saline water interface was delineated on the basis of water-quality data (612 samples) in the southern and eastern parts of the aquifer system. In the northwestern part of the aquifer system where water-quality data are few, electrical-resistivity logs (198 logs) that were run in boreholes open to Pleistocene glacial deposits and bedrock aquifers were used to delineate the position of the interface.
Glacial deposits of Pleistocene age contain freshwater, except hi a 1,600 mi2 area within the Saginaw Lowlands, where these deposits typically contain saline water. Pennsylvanian and Mississippian sandstones are typically freshwater-bearing where they are subcrops below permeable Pleistocene glacial deposits. Down regional dip from subcrop areas, salinity of ground water progressively increases in Pennsylvanian and Mississippian sandstones, and these units contain brine hi the central part of the basin. Freshwater is present in Pennsylvanian sandstones in the northern (area! extent, approximately 2,000 mi2) and the southern parts (area! extent, approximately 3,000 mi2) of the Saginaw aquifer. Typically, saline water is present in the Saginaw aquifer in the eastern and western parts of the study area.
Relief on freshwater/saline-water interface is approximately 500 ft. Altitudes of the interface are low (300 to 400 ft above sea level) along a north-south-trending corridor that extends through the approximate center of the aquifer system. In isolated areas in the northern and western parts of the aquifer, the altitude of the base of freshwater is less than 400 ft, but altitude is more than 400 ft above sea level in most of the study area. In the southern and northern parts of the aquifer system, where Pennsylvanian rocks are thin or absent, altitudes of the base of freshwater range from 700 to 800 ft and from 500 to 700 ft above sea level, respectively.
Geologic controls of the distribution of freshwater in the regional aquifer system are (1) direct hydraulic connection between sandstone aquifers and freshwater-bearing, permeable glacial deposits; (2) impedance of upward discharge of saline water from sandstones by lodgement tills; (3) impedance of recharge of freshwater to bedrock (or discharge of saline water from bedrock) by Jurassic red beds; and (4) vertical barriers to ground-water flow within and between sandstone units. 
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